We studied the location of carbonic anhydrase (CA) isoenzymes I, 11, and VI in human pituitary gland using specific antisera in conjunction with immunoblotting, immunoperoxidase, and double immunofluorescence staining techniques. Stainings with anti-CA 11 serum showed intense cytoplasmic reaction in the anterior lobe of the pituitary gland. Double immunofluorescence staining was used to identify the cells that expressed CA II. Confocal laser scanning microscopy revealed that, of the anterior pituitary hormones studied, ACTH coincides mainly with CA I1 in these cells. Stainings with anti-CA I and VI sera were negative in the endocrine cells of the pituitary gland. Western blotting of the pituitary gland with anti-CA I1 revealed a distinct
Introduction
The isoenzymes of carbonic anhydrase (EC 4.2.1.1; CA) form a family of zinc metalloenzymes whose basic physiological functions are to catalyze the reversible hydration of carbon dioxide and to participate in the control of the acid-base balance in various tissues and biological fluids (1, 2) . Several CA isoenzymes have been characterized biochemically and shown to differ in their properties, including enzymatic activity. Some of the isoenzymes are expressed in certain cells of almost all tissues, whereas others appear to be strictly limited in their distribution. At present, six isoenzymes have been purified from mammals, i.e., the cytoplasmic CA I, 11 , and I11 (3) , the membrane-associated CA IV (4-6), the mitochondrial CA V (7, 8) , and the secretory isoenzyme CA VI @,lo), in addition to which at least three mammalian genes have been characterized in recent years that are believed to encode for "new" CAS. A CA-related gene has been isolated from a human genomic library and its putative gene product has been designated CA VI1 (11) . This is probably a cytoplasmic protein expressed in the salivary glands. Furthermore, cDNAs possibly encoding novel CAS have been detected in mouse liver (12) and cerebellum (13) have shown, however, that the former, provisionally named CA Y (14) , appears to encode a mitochondrial CA V (15J6). The cDNA found in the mouse brain cDNA library probably encodes a novel carbonic anhydrase-related protein (CARP) (17) . If CARP has CA activity, it will be named CA VIII.
The high-activity CA I1 appears to be the most widely distributed isoenzyme of the CA gene family, being present not only in the erythrocytes but also in the epithelia of various mammalian tissues. It is also abundantly expressed in glial cells, and detectable amounts are leaked into the cerebrospinal fluid (CSF) (18) . As a high-activity isoenzyme, it plays an important role in various physiological processes regulating the acid-base balance of tissues and biological fluids. We have recently demonstrated that CA I and I1 are expressed in certain endocrine tissues, including the zona glomerulosa cells of the adrenal cortex and A-cells of Langerhans islets (19) (20) (21) . To obtain a more comprehensive view of the distribution of CA in various endocrine organs, we studied the location of CA I, 11, and VI in human pituitary gland.
Materials and Methods
Preparation of Antigens and Antisera. CA I, 11, and VI were purified from human erythrocytes and saliva by inhibitor affinity and ion exchange chromatography (19.22.23) . The purified isoenzymes were used as such for immunizations of rabbits and a guinea pig, and the specificities of the resulting antisera were tested with dot and Western blottings and immunoas-245 246 PARKKILA, PARKKILA, A N D RAJANIEMI says. in which they showed high isoenzyme specificities (18.13.23-26) . Normal rabbit serum was used for control staining. Commercially available polyclonal rabbit antibodies against FSH. LH. GH, TSH. ACTH. and PRL (Dakopatts; Copenhagen. Denmark) were used to identify the cells of the pituitary gland.
Tissue Samples. Human pituitary gland samples (n = 5) were obtained from autopsies at Oulu University Hospital. The range of ages of the donors was 21-72 years (two men and three women). The samples were obtained 24-48 hr after death and the donors were found to have myocardial infarction (n = 2). pneumonia (n = 1). intoxication (n = 1) or thoracic trauma (n = 1). For immunohistochemistry. the samples were immersion-fixed in Carnoy's fluid (absolute ethanol + chloroform + glacial acetic acid, 6:3:1) at 4°C for 12 hr. dehydrated, embedded in paraffin in a vacuum oven at 58'C. and sectioned at 5 pm. The sections were first stained with hematoxylin and eosin to confirm that the samples represented normal tissue. For Western blot analysis. 0.3 g of human pituitary gland was homogenized in 2.5 ml of 0.1 M PBS containing 0.2 M benzamidine hydrochloride (Sigma; St Louis, MO). followed by centrifugation at 15.000 x g for 30 min at 4'C. The supernatant was assayed for protein with a Bio-Rad protein assay kit (Bio-Rad Laboratories; Richmond, CA) and used for SDS-PAGE.
Immunohistochemistry. The sections were stained by either the immunoperoxidase or the immunofluorescence technique. Briefly. the steps in the immunoperoxidase staining were as follows: (a) deparaffinization of the tissue sections; (b) pretreatment of the sections with 3% H202 for 5 min and rinsing in PBS for 5 min; (c) pretreatment with undiluted swine serum for 40 min to block nonspecific binding and rinsing in PBS: (d) incubation for 1 hr in a 1:100 dilution of the primary rabbit antiserum in 1% bovine serum albumin (BSA) in PBS (BSA-PBS) and washing in PBS three times for 10 min; (e) treatment with swine serum for 40 min and rinsing in PBS; (f) incubation for 1 hr in biotinylated affinity-purified swine immunoglobulins to rabbit immunoglobulins (Dakopatts) diluted 1:300 in 1% BSA-PBS and washing in PBS three times for 10 min; (g) treatment with swine serum for 5 min; (h) incubation for 30 min in a 1:600 dilution of peroxidase-conjugated srrepravidin (Dakoparts) in PBS and washing in PBS three times for 5 min; (i) incubation for 2 min in 3,3'-diaminobenzidine tetrahydrochloride (DAB Fluka. Buchs, Switzerland) (9 mg DAB in 15 ml PBS + 10 1. 11 30% H202). All incubations and washings were carried out at room temperature (RT). and the sections were finally mounted in Permount (Fisher Scientific; Fair Lawn, NJ).
Sections were also stained for CA 11 and for FSH, LH, GH, TSH, ACTH, or PRL by the double immunofluorescence technique. Briefly. the steps included: (a) pretreatment with undiluted swine serum for 40 min and rinsing in PBS; (b) incubation for 1 hr in a 1:50 dilution of the primary guinea pig anti-CA II serum and in a 1:200 dilution of rabbit antibodies to FSH, LH, GH. TSH. ACTH, or PRL in 1% BSA-PBS; (c) simultaneous incubation with 1:50 diluted secondary antibodies (rhodamine-conjugated swine anti-rabbit IgG and fluorescein isothiocyanate-conjugated goat antiguinea pig antibodies) in 1% BSA-PBS. All the secondary antibodies were obtained from Dakopatrs. The sections were washed three times for 10 min and 5 min after incubation steps b and c. respectively. and were finally mounted in Mowiol (Hoechsr; Frankfurt am Main, Germany).
The sections were examined with a conventional light and epifluorescence microscope (Leitz Aristoplan; Wetzlar. Germany) and a confocal laser scanning microscope (Leitz CLSM; Lcica Laser Technics, Heidelberg. Gcrmany) using an argon-krypton laser (75 mW output). In the confocal laser scanning microscopy the specimens were excited with a laser beam at wavelengths of 568 nm (rhodamine) and 488 nm (fluorescein isothiocyanate). and the emission light was focused through a pinhole aperture. The full field of view was scanned in square image formats of 512 x 512 pixels, and built-in software was used to reconstruct the images obtained from the confocal sections.
SDS-PAGE and Western Blotting. All of the reagents for SDS-PAGE were from Bio-Rad, and the electrophoreses were performed in a Mini-Protean unit (Bio-Rad) at a constant voltage of 200 V for 40 min. according to Laemmli (27) . using a 11.5% acrylamide separating gel and a 4% acrylamide stacking gel. The mass standards (Sigma) were P-galactosidase (116.0 KD). phosphorylase b (rabbit; 97.4 KD), and carbonic anhydrase (29.0 KD) (bovine). Aliquots (50 pg) of 15,000 x g supernatant proteins from human pituitary gland were subjected to SDS-PAGE under nonreducing conditions. The separated proteins were electrophoretically transferred from the gel onto a nitrocellulose sheet with the use of a constant voltage of 100 V for 1 hr in a Bio-Rad Mini Trans-Blot apparatus placed in an ice bath. After transblotting the standard lanes were cut out and stained with 0.2% Ponceau S. The sample lanes were first incubated with undiluted cow colostrum for 18 hr at 4°C and then with anti-CA I, 11, and VI sera diluted 1:lOOO in IO mM Tris-HCI containing 1% BSA and 10% glycerol (pH 7.4) for 2 hr at RT. The sheets were washed three times for 10 min with 1% Triton X-100 in PBS and three times for 10 min with 0.3% Triton X-100 in PBS. The nitrocellulose sheets were then treated again with cow colostrum for 45 min before incubation for 30 min at RT with peroxidaseconjugated goat anti-rabbit IgG (Bio-Rad) diluted 1:3000 in PBS. After washing four times for 15 min in PBS. the sheets were subjected to incubation for 1.5 min in DAB solution (9 mg DAB in 30 ml PBS + 3.3 pI 30% H202).
Results

Immunohistochemistry
Both the immunoperoxidase and the immunofluorescence staining showed an intense cytoplasmic reaction for CA I1 in endocrine cells located in the anterior lobe of the human pituitary gland (Figures la, 2a. and 2c) . The immunoperoxidase staining with anti-CA I (Figure lb) , anti-CA VI ( Figure IC) , and normal rabbit sera (data not shown) remained negative in the endocrine tissue. Fluorescein isothiocyanate-and rhodamine-labeled second antibodies were used for simultaneous demonstration of the CA I1 and the anterior pituitary hormones to identify the cells expressing CA 11. Confocal laser scanning microscopy revealed that CA I1 and ACTH coincided mainly in the same cells (Figure 2) . whereas no colocalization of the other hormones studied was observed (data not shown). The isoenzyme specificity of the CA I1 staining was confirmed by mixing 30 pg of purified human CA I1 with 2 ~1 of the primary rabbit antiserum before its dilution and application to the sections. No positive signal was observed with preabsorbed antiserum (data not shown).
Western Blotting
The specificity of the positive immunostaining for CA I1 in human pituitary gland was confirmed by Western blotting. The proteins in the 15,000 x g supernatant of the pituitary gland were separated by denaturing gel electrophoresis under nonreducing conditions, transferred to nitrocellulose sheets, and subjected to im-66 m a -45 m a -29 m a - munostaining with anti-CA I, 11, and VI sera. The rabbit anti-CA I1 serum revealed a distinct 29-KD polypeptide band corresponding to the molecular weight of CA II (Figure 3 ). Anti-CA I serum similarly showed a single 2 9 -~~ band, most likely recognizing the enzyme, which is abundantly present in the erythrocytes. In addition, a faint 35-KD polypeptide band was detected with both antisera. Staining with anti-CA VI serum was negative.
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Discussion
Our results demonstrate for the first time that CA I1 is expressed in the human adenohypophysis, being located in the corticotrophs. The specificity of the immunostaining was confirmed by Western blot analysis, which revealed an abundant 29-KD polypeptide band corresponding in molecular weight to CA 11. The immunostaining cannot be attributable to the faint 35-KD band also detected by Western blotting, because it was also present in the blot with anti-CA I serum and this antiserum gave no immunoreaction in the pituitary sections.
CA I1 is widely expressed, particularly in various epithelia participating in the regulation of the acid-base balance of biological fluids (7.28.29). but only scattered information is available on its expression and role in endocrine cells. It is known to be expressed in the zona glomerulosa cells of human adrenal gland, possibly being linked to regulation of the biosynthesis andlor secretion of mineralocorticoids (19) . This role is also supported by the fact that its expression appears to continue in hormone-secreting tumors after malignant transformation (21) . Another example comes from human Langerhans islets. in which CA I is expressed in the A-cells (20) , the expression again being conserved after malignant transformation of these cells (30) . Recent immunohistochemical studies have further shown that at least three CA isoenzymes are present in various cells of the central nervous system. CA I1 appears to be highly enriched in choroid plexus and oligodendrocytes (31, 32) ,
CA I11 is present in the choroid plexus (33) and microglial cells (34), and a recent work by Ghandour et al. (35) has demonstrated
the membrane-associated CA IV in the endothelial cells of rat brain capillaries, so that it can be suggested as a marker protein for the blood-brain barrier.
The physiological significance of CA I1 in the corticotrophs remains to be elucidated. It is known that expression of the proopiomelanocortin (POMC) gene and secretion of its peptide products, e.g., ACTH and P-lipotropin (B-LPH), are under complex regulation in the corticotrophs (36) . The precursors of neuropeptides and peptide hormones, such as POMC, are primarily cleaved in the secretory vesicles by endoproteases at specific sites along the polypeptide chain to yield the biologically active peptides (37.38). Expression of the actual enzymes participating in the cleavage of POMC in vivo is probably highly regulated, and their activities are strictly controlled by factors such as intravesicular pH (39). Cleavage of ACTH occurs in the secretory vesicles (40), which have an internal pH of 5.0-6.0 (41) . which the acidic ACTH-converting enzyme requires to be effective (42). Accordingly, it is possible that the presence of CA I1 in the corticotrophs may be linked to the maintenance of optimal pH in the secretory vesicles for the cleavage of ACTH from POMC. The confined presence of CA I1 in the corticotrophs is particularly interesting finding, since other hormone-producing cells of the pituitary gland remained negative although they also contain acid neurosecretory granules. This discrepancy remains, however, to be elucidated.
